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This p r o j e c t  makes a d e t a i l e d  eva lua t i on  o f  thermal energy storage 
(TES) fo r  meeting peak power requirements of e l e c t r i c  u t i  1 i t i e s .  TES 
i s  made a p a r t  o f  the  steam e l e c t r i c  generat ing p l a n t ,  s t o r i n g  thermal 
energy from steam o r  h o t  feedwater du r ing  1 ow demand per iods and us ing  
the  thermal energy t o  generate e l  e c t r i  c i t y  d u r i  ng peak demand p e r i  ods . 
While the  steam t u r b i n e  must s t i l l  be s i zed  t o  d e l i v e r  the u t i l i t y  
peak power, the  steam generator can be designed a t  l ess  than peak power 
(near average power) by us ing  TES t o  supply energy t o  match the  t u r b i n e  
requirements. Steam generator costs can there fore  be l ess  i n  a steam 
p l a n t  w i t h  TES than i n  one w i thou t  TES where i t  must d e l i v e r  peak power. 
These reduced cos ts  a re  o f f s e t  by the  cos t  o f  . the TES system and some- 
what h igher  f u e l  use because o f  reduced e f f i c i e n c y .  Less expensive 
baseload fue l s ,  however, can be used t o  produce peak power. 
Over f o r t y  TES concepts gleaned from t h e  l i t e r a t u r e  and personal 
contacts were examined f o r  poss ib le  app l i ca t i on .  
I n i t i a l  c r i t e r i a  f o r  s e l e c t i o n  emphasized near-term avai 1 ab i  1 i t y  
and p o t e n t i a l  f o r  economic f e a s i b i l i t y .  Many storage media, forms o f  
containment, and cyc le  con f i gu ra t i ons  f o r  conversion t o  e l e c t r i c i t y  were 
inc luded i n  the concepts examin.ed. Media i n c l  uded h o t  o i  1, mol ten  s a l t  
o r  su l f u r ,  rock o r  o the r  s o l i d  media, and h igh  temperature water. As 
the  l a t t e r  requ i res  pressure vessels fo r  containment a t  h igh  temperature, 
such containment concepts as s t e e l  pressure vessels, prestressed cas t  
i r o n  vessels (PCIV) , prestressed concrete pressure vessels (PCPV) , and 
several  concepts o f  containment i n  l i n e d  underground c a v i t i e s  were 
exami ned . 
The i n i t i a l  screening reduced the s e t  t o  twelve select ions,  some 
of which combined the elements of several concepts. These selections 
were then applied t o  two reference plants, an 800 MW plant burning high- 
sulfur coal, and an 1140 MW plant u t i l iz ing  a l i gh t  water nuclear reactor. 
Results of analysis of performance and costs of the twelve TES plants 
led t o  approval of four options by DOE/NASA and EPRI fo r  more detailed 
considerati on and conceptual design. 
Two of the options use high sulfur  coal-fired plants (HSC) and 
peaking turbines t o  supply the peaking power from steam generated from 
the thermal energy stored during off-peak periods. Steam i s  withdrawn 
from the cycle a f t e r  the high-pressure turbine during the off-peak period 
to  obtain the requi red energy for  storage. With peaking turbines , power 
swings of f 50 percent of the normal power are possible. One of the coal 
concepts stores the thermal energy in a dual media of a bed of rock with 
pores f i l l ed  with hot oi l  a t  low pressure as a heat t ransfer  medium. 
The other option uses an underground cavity lined with s teel  to  s tore  
hot water under high pressure. Concrete i s  used to  t ransfer  the s t ress  
from the l ine r  to  the supporting rock. 
The other two options u t i l i ze  conventional nuclear plants and obtain 
power variations by reducing the feedwater extraction during peak power 
periods and increasi ng the extraction during off-peak periods. The 
thermal energy of the hot feedwater during the off-peak periods i s  stored 
to  heat feedwater during the peak periods. Because of limitations on 
feedwater extraction, power swings are limited t o  f 10 t o  15 percent of 
normal power. One of the concepts u t i l izes  the PCIV for  storage of hot 
feedwater and the other u t i l izes  the dual media, hot o i l  and rock, t o  
s tore  the feedwater thermal energy. 
To avoid d i f f i c u l t  design problems in coal-fired boilers with re- 
heaters when large quantit ies of steam are withdrawn a t  the HP turbine 
out le t ,  the coal plants fo r  TES were designed without reheaters resulting 
in small increases i n  both cost and heat ra te .  
Based on t h e  conceptual designs, t h e  cos t  and performance o f  the  
f o u r  TES systems as w e l l  as reference nuc lear  and coa l  p l a n t s  were de- 
termined. The EPRI Technical Assessment Guide (TAG) (8/77) was used as a 
bas is  f o r  t he  re ference p lan ts  and fuel and ope ra t i ng  costs. Costs o f  
t he  o the r  systems were made as cons i s ten t  as poss ib le  w i t h  the  TAG basis.  
A t o t a l  i n s t a l l e d  c o s t  i n  mid-1976 d o l l a r s  and a  l e v e l i z e d  busbar energy 
cos t  was found f o r  each p l a n t  assuming a  30-year l i f e  beginning opera t ion  
i n  1990. 
Cycl ing coal  p lan ts  were considered as a poss ib le  a l t e r n a t i v e  t o  
TES systems f o r  peak load fo l l ow ing .  Performance and cos t  est imates on 
the  same bas is  as the  o ther  p lan ts  were therefore made f o r  two 512 MW 
c y c l  i n g  p lan ts ,  one a t  1800 p s i  g /950°~ /9500~  steam cond i t ions  and another 
a t  2400/1000/1000. 
The 1977 Consent Decree places a  number of r e s t r i c t i o n s  on the  
General E l e c t r i c  Company rega rd i  ng the  f u r n i s h i n g  o f  performance and 
p r i c i n g  i n fo rma t ion  on l a r g e  steam turb ine-generators.  Accordingly ,  
performance data, performance d i f f e rences  data and p r i c i n g  i n fo rma t ion  
on steam turb ine-generators inc luded i n  t h i s  r e p o r t  a re  est imated data, 
f o r  t he  most p a r t  ca l cu la ted  i n  1976, b u t  which are  accurate enough f o r  
the  intended purpose o f  t h i s  study. 
The 1  i m i  t e d  peaking capac i ty  t h a t  r e s u l t s  w i t h  feedwater energy 
storage reduces the  b e n e f i t  t h a t  the  nuc lear  systems which were s tud ied  
can prov ide a  u t i l i t y .  These systems a l so  have a  h igh  cos t  increment 
f o r  peaking i n  both c a p i t a l  and l e v e l i z e d  busbar e l e c t r i c i t y  costs.  
The coal  p lan ts  w i t h  separate peaking tu rb ines  prov ide  peaking power 
about equal t o  c y c l i n g  coal  p lan ts  i n  bo th  t o t a l  investment cos t  and l e v e l -  
i z e d  e l e c t r i c i t y  cost.  Both the  TES and c y c l i n g  coal  p l a n t s  are s i g n i f i -  
c a n t l y  lower i n  cos t  than the  TES nuc lear  p lan ts  b u t  s t i l l  cannot compete 
w i t h  gas tu rb ines  f o r  peaking duty  a t  1500 hours o f  opera t ion  o r  l ess  per  
year  unless o i l  becomes unava i lab le  o r  increases s i g n i f i c a n t l y  i n  cost .  
The s i g n i , f i c a n t l y  h ighe r  cos t  o f  t he  TES nuc lear  p l a n t s  compared t o  
the  coal  p l a n t s  i s  a t t r i b u t e d  p r i n c i p a l l y  t o  the  feedwater- s torage mode 
and the h igh  cos t  o f  key TES components, n o t  t o  the  fac t  t h a t  these TES 
systems were i n t e g r a t e d  w i t h  a  nuc lear .  p lan t .  . 
A  major disadvantage o f  TES systems as compared t o  c y c l i n g  coal 
p lan ts  o r  gas tu rb ines  i s  t h e i r  l i m i t e d  capac i ty  t o  operate a t  any t ime 
i f  requ i red  because o f  o the r  system outages. Increas ing  TES system 
capaci ty ,  however, so t h a t  i t  can operate more hours per  day increases 
the  cos t  more than the  b e n e f i t s  obtained. 
The c a p i t a l  investment requ i red  f o r  storage i s  genera l l y  equal t o  
o r  g rea ter  than t h a t  f o r  a t  l e a s t  some types o f  complete generat ion 
equipment, e s p e c i a l l y  peaking systems. Hence, i f  storage systems are  
t o  be v iab le ,  t he re  must be an oppor tun i ty  t o  d isp lace some o f  the  h igh  
f u e l  o r  p roduct ion  costs o f  peaking generat ion equipment w i t h  lower 
product ion costs o f  baseload o r  in termediate equipment. Any product ion  
cos t  savings which are  poss ib le  w i l l  depend on t h e  f u e l  costs and e f -  
f i c i e n c i e s  o f  both the  peaking and storage systems. 
The values o f  the TES systems t o  u t i l i t i e s  a re  s e n s i t i v e  t o  the  
cos t  d i f f e r e n c e  between gas t u r b i n e  f u e l  and coal .  TES i n t e g r a t e d  w i t h  
a  coal p l a n t  could be compet i t i ve  w i t h  gas tu rb ines  f o r  peaking i f  the  
1990 f u e l  cos t  d i f f e r e n t i a l  between o i l  and coal becomes g rea te r  than 
3.6 $/MBtu i n  1976 d o l l a r s .  The cu r ren t  EPRI est imate i s  a  d i f f e r e n c e  
of 2.15 $/MBtu on the  same basis.  
While recent  p r i c e  increases i n  o i l  i n d i c a t e  t h a t  the  d i f f e rences  
could e a s i l y  exceed the  3.6 $/MBtu i n  1976 d o l l a r s  by 1990, t he  coal 
based TES systems s t i l l  cou ld  n o t  compete w i t h  the  c y c l i n g  coal  p lan ts .  
The nuc lear  based TES systems might  compete on l y  i f  they were designed 
t o  use peaking tu rb ines  and the  cos t  o f  both o i l  and coal  increased 
unreasonably r e l a t i v e  t o  the  c o s t  of nuc lear  fuel .  
The TES systems meet the design objectives of being load following 
and daily cycling plants tha t  are not dependent on scarce fuels.  a 12% 
penetration of TES system plants into a typical generation mix (EPRI 
Ut i l i ty  System D )  would reduce the system o i l  consumption by 32% ( 3 . 3  
mil lion barrels per year). However, a 12% penetration by cycling coal 
plants i n  the same u t i l i t y  system would reduce o i l  consumption by 52%. 
None of the four TES systems, based on the near-term designs for  
t h i s  study, are economically a t t rac t ive  to  uti  1 i t i e s .  Cost reductions 
of 10 t o  40% are required for  TES to  be competitive with cycling coal 
plants and 40 t o  50% i f  they are to  be competitive with gas turbines a t  
1500 hours of annual operation. About one-half of the TES costs are 
related to  the storage related items, with the remaining costs fo r  
standard state-of-the-art  equipment such as turbines, piping, valving, 
e tc .  Reductions in total  costs,  therefore, must come almost ent i rely 
from reductions in the TES storage related costs. 
Additonal tes t ing and development work on large TES systems would 
be required prior to  a major commitment to  TES by u t i l i t i e s .  This large 
scale demonstration would be required to  substantiate the performance 
figures for  final system designs. The study design performance parameters 
were a1 1 extrapolated from smaller storage applications. 
While not investigated in th is  study, major redesigns of the base 
plants to  incorporate al ternate  TES systems would be required to  improve 
the performance of TES for  peaking applications. These changes would 
increase the i r  cost and el  iminate the i r  use in near-term appl i cat i  ons. 
Additional refinements of near-term TES plant designs to  improve the 
economic competitiveness with al ternate  peaking systems, especially 
cycling coal plants,  will probably yield only marginal improvements. 
